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All of the special BPMs, e.g., used for tune and chromaticity measurements in LHC Point 4 
will be treated such as to have the standard copper layer on the inside of the beam pipe. 
Between the stainless steel pipe and the copper layer, a 1 µm nickel coating will be applied. 
This nickel layer might cause a problem if an electrolytic process is used for the plating which 
could cause a permanent magnetization of the layer similarly as it was observed for LEP. This 
note gives an estimation of the effect to be expected.  
 
 
1 Nickel Layer in the BPM Support
All of the special BPMs, e.g., used for tune and chromaticity measurements in LHC Point 4
will be treated such as to have the standard copper layer on the inside of the beam pipe.
Between the stainless steel pipe and the copper layer, a 1 µm nickel coating will be applied.
This nickel layer might cause a problem if an electrolytic process is used for the plating
which could cause a permanent magnetization of the layer similarly as it was observed for
LEP. This note gives an estimation of the effect to be expected.
Since the beam pipe is perfectly round, the effect of a homogeneous magnetization on
the pipe will produce no net magnetic field inside the tube and thus can be neglected.
We assume the electroplating to be carried out with an electric field in r-direction and
a magnetic field in ϕ-direction. A non-homogeneous effect could be caused, e.g., by an
imperfectly centered anode which deposits more material on one side of the tube. Such
an arrangement causes a magnetization Mϕ which can for the calculation be replaced by
substitute surface current sheets with only a z-component ~JSmag = ~er× ~Mϕ. The multipoles






















(sin(nϕCs)− sin(nϕCe)) , (1)
where rref is the reference radius, ρ0, ρ1 the inner and the outer radii, and ϕCs, ϕCe the
covering angles of the inhomogeneously magnetized layer on the beam pipe (see also Fig. 1).
It can be seen from the formulae that for n = 1, the multipoles vanish, thus such
a layer produces no dipolar component. The maximum multipole value can be ob-
tained for covering angles ∆ϕ = ϕCs − ϕCe =
ppi
n
for n being the multipole order and











assuming a magnetization1 Mϕ = 0.3 T which results in a maximum field gradient
Max{A2, B2} = 1.29 · 10
−6 T/m. The magnetic rigidity at injection field is B ρ = 3.336 ·
450 Tm, the interpolated beta function in the respective positions βˆ and the lengths of
the nickel layers lBPM for the different BPMs used in LHC are given in table 1. The entity
nBPM denotes the number of special BPMs in LHC. From this numbers, we get total tune
shifts of:
∆Qbeam1 ≈ 5.4 · 10
−8 ∆Qbeam2 ≈ 5.1 · 10
−8,
which are totally negligible.
10.3 T is the value of the residual magnetic induction of pure nickel [4].
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Table 1: Lengths[2] of the nickel layer for the different BPMs in LHC and assumed βˆ.
Position Identifier Beam lBPM [mm] βˆ [m]
IR 1 BPMSA.7R1.B1 1 285 123
IR 4 BQKV.6L4.B1 1 1200 170
BQKH.6L4.B1 1 1200 413
BPAWT.5L4.B1 1 600 169
BPLV.A6R4.B1 1 600 191
BPLV.B6R4.B1 1 600 198
BPLV.C6R4.B1 1 600 206
BPLX.6R4.B1 1 600 309
BPLH.A6R4.B1 1 600 427
BPLH.B6R4.B1 1 600 435
BPLH.7R4.B1 1 600 452
BPLH.B7L4.B2 2 600 466
BPLH.A7L4.B2 2 600 468
BPLV.B5L4.B2 2 600 146
BPLV.A5L4.B2 2 600 146
BPMWA.A5L4.B2 2 285 132
BPLH.6R4.B2 2 600 398
BQKH.6R4.B2 2 1200 372
BPLX.6R4.B2 2 600 282
BQKV.6R4.B2 2 1200 174
BPLV.7R4.B2 2 600 138
IR 6 BPMSA.B4L6.B1 1 285 188
BPMSA.A4L6.B1 1 285 187
BPMSE.4L6.B1 1 285 155
BPMSB.B4L6.B2 2 285 499
BPMSB.A4L6.B2 2 285 497
BPMSA.4L6.B2 2 285 262
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In general, the magnetic vector potential of an arbitrary magnetized volume V with mag-









where ~r denotes the evaluation point, R is the distance and ~nR the normal vector between












Figure 1: Beampipe with replacement current sheets for the magnetization.
by means of replacement currents ~Jmag = ∇× ~M and ~JSmag = ~M ×~n where ~n is the vector
















In the case of a magnetized layer of 1µm thickness, it can be assumed that the magne-
tization has no radial dependence, thus the integral over the volume vanishes. The two
remaining current sheets are calculated in the plane from the formula for the vector po-
tential of a single line current. The resulting vector potential for two current sheets in the
plane, located at radii ρ0 (inside) and ρ1 (outside) and covering a wedge between ϕCs and




















(sin(nϕ− nϕCs)− sin(nϕ− nϕCe))
]
.















[cos(nϕ− nϕCs)− cos(nϕ− nϕCe)] ,












Bρ(r0, ϕ) sin(nϕ) dϕ.
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Figs. 2 and 3 show the expected skew and even multipoles as a function of the position
angle for a magnetized layer of 1 µm thickness with an expected magnetization of 0.3 T,














Figure 2: Skew multipoles as a function of the positioning angle (given in [T ], [T/m],
[T/m2], etc.).














[1] K. J. Binns, P. J. Lawrenson, and C. W. Trowbridge. The Analytical and Numerical
Solution of Electric and Magnetic Fields. Wiley & Sons Ltd., West Sussex, England,
1992.
[2] C. Boccard. Private communication, May 2006.
[3] H. Henke. Elektromagnetische Felder. Springer Verlag, Berlin, Germany, 2004.
[4] S. Sgobba. Private communication, April 2006.
6
